Investigating Initialization Times, Repetitions, and MOE Variability in Simulation of Under Saturated and Saturated Traffic Signals  by Gurupackiam, Saravanan et al.
Available online at www.sciencedirect.com
1877-0428 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.sbspro.2011.04.468
Procedia Social and Behavioral Sciences 16 (2011) 470–480
6th International Symposium on Highway Capacity and Quality of Service 
Stockholm, Sweden June 28 – July 1, 2011 
Investigating Initialization Times, Repetitions, and MOE Variability 
in Simulation of Under Saturated and Saturated Traffic Signals  
Saravanan Gurupackiama, Steven L. Jonesa, Daniel J. Fonsecab 
aDepartment of Civil, Construction, and Environmental Engineering, The University of Alabama, Tuscaloosa, AL 35401, USA.  
bDepartment of Mechanical Engineering, The University of Alabama, Tuscaloosa, AL 35401, USA. 
 
Abstract 
This study involved investigating the sensitivity of MOEs to different simulation initialization times (7, 10, and 13 minutes); 
observing the trend of variation of MOEs with increased simulation runs; and identifying the major contributors of variation in 
MOEs. The results showed that (i) the MOEs of a simulated saturated intersection are indeed sensitive to initialization times; (ii) 
the variation within MOEs reached a steady state with increased number of simulation runs, and the required number of 
simulation runs to attain such a state changed with respect to the level of congestion; (iii) lane changing and gap acceptance 
parameters play a major role as a source of variation of MOEs (delay/vehicle). 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
 
Saturated conditions are of particular concern among traffic engineers charged with analyzing urban and 
suburban arterials. During peak hours, traffic demand at signalized intersections increases and often exceeds the 
capacity of individual intersections. Capacity is exceeded when traffic volumes increase to the point that the green 
signal indication is insufficient to clear the vehicles waiting to pass through the intersection at which point the 
intersection is said to be saturated.  Despite considerable efforts among both researchers and practitioners, 
improving traffic operations in saturated conditions remains a challenge.   
Simulation has been widely used as a traffic analysis tool. It plays a vital role in allowing the transportation 
engineer to evaluate complex traffic situations that cannot be analyzed directly with other means (Clark and Daigle, 
1997). It is also an appropriate tool for traffic experiments where similar field experiments are impractical (Maze 
and Kamyab, 1998). However, simulation models, for all their complexity, also have limitations (Traffic Analysis 
Toolbox Volume I, 2004). There are conflicting thoughts and practices on how simulation should be used. As such 
there is a growing body of research intended to develop a better understanding of how simulation should be used. It 
is expected that this paper will contribute towards better use of simulation by helping traffic engineers and 
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practitioners understand how initialization time plays an important role in modeling under-saturated and saturated 
traffic conditions. 
 
2. Background 
 
The Traffic Analysis Toolbox indicates that simulation initialization time is the time needed for vehicles to fill an 
entire network and reach an equilibrium state. The number of vehicles present at any time on the network is used to 
determine whether the model has reached equilibrium, allowing the tallying of network performance statistics to 
begin. Once the number of vehicles present on the network ceases to increase by a minimum specified amount, then 
the warm-up period is deemed to have been concluded (Traffic Analysis Toolbox Volume III, 2004). For congested 
networks, a warm-up period that is equal to at least twice the estimated travel time at free-flow conditions to traverse 
the length of the network is recommended (Traffic Analysis Toolbox Volume III, 2004).  
In practice, the recommendations of the Traffic Analysis Toolbox are used. Accordingly, the user specifies the 
initialization period in the microscopic simulation software (e.g., AIMSUN, CORSIM, SimTraffic, VISSIM etc.). 
There are also instances where a default value of initialization time embedded in the software is used (e.g., the 
default value of initialization time in SimTraffic is 3 minutes), or it is left for the simulation tool to decide based on 
the traffic reaching equilibrium state (e.g., CORSIM). The recommendations of four commonly used simulation 
models are shown in Table 1. 
 
Table 1 Recommendations of Microscopic Traffic Simulation Tools on Choosing Appropriate Initialization Times 
 
Simulation Tool Recommendation 
AIMSUN At least twice the time taken for the slowest vehicle to travel the longest road in a network 
(Microsimulation Standards, 2007). 
CORSIM Set initialization time to the travel time for the longest realistic path through the network (Traffic Analysis 
Toolbox Volume III, 2004). 
SimTraffic Should be long enough for a vehicle to traverse the entire network between the two most distant points. It 
should also be longer than the longest cycle length at any intersection in the network (SimTraffic 6, 2003). 
VISSIM At least twice the time taken for the slowest vehicle to travel the longest road in a network 
(Microsimulation Standards, 2007). 
 
 From the available literature, no studies were identified that showed the sensitivity of performance measures 
obtained for different initialization times. With respect to determining the required number of simulation runs, the 
literature outlines several equations based on probability and statistics. The following equation is recommended by 
three studies (Traffic Analysis Toolbox Volume III, 2004; Dowling et al., 2002; and Siddiqui, 2003), 
 
 
 
where, 
 CI1-Į% = confidence interval for the true mean 
 Į = the probability of the true mean not lying within the confidence interval; 
t(1- Į/2),N-1 = Student’s t-statistic for the probability of a two-sided error summing to alpha with N-1 degrees of 
freedom; 
 N = the number of repetitions; and 
s = standard deviation of the model results. 
A slightly modified equation was used by several other studies (Ahmed, 1999; Toledo et al., 2003; Chu, et al., 
2004; Burghout, 2004; and Pinna, 2007) as given below, 
 
 
 
where,  
ȝ and į are the mean and standard deviation of performance measure for already conducted simulation runs;  
 İ is the allowable error specified as a fraction of the mean ȝ;  
 tĮ/2 is the critical value of the t-distribution at the confidence interval of 1- Į. 
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 The authors also specified that this calculation for required number of repetitions should be conducted for all 
performance measures such as average speed, delay, travel time ,etc., and the highest value obtained from these 
calculations will be the required number of runs. 
 Yet another equation was used by two studies (Tian et al., 2002 and Lindgren and Tantiyanugulchai, 2003) as 
given below, 
 
 
 
 
where, 
 n = required number of simulation runs; 
 s = sample standard deviation (based on 30 runs from this study); 
z Į/2 = threshold value for a 100(1-Į) percentile confidence interval. With a 95% confidence interval,  zĮ/2 = 1.96; 
 E = the allowed error range. 
 The authors also compared how the required numbers of runs change for under-capacity and over-capacity 
conditions. Based on the variations between MOEs, they suggested that 2 or 5 runs may be sufficient for under-
capacity conditions, and at least 40 runs may be necessary for over-capacity conditions depending on the 
microscopic model used. However, the authors mentioned that those recommendations were based on the simplest 
case tested in their study. The study cases consisted of a single-lane approach with 100% through traffic and a 
single-lane approach with a right-turn pocket. 
 While the above literature suggested different equations to arrive at the required number of runs; information on 
the variations caused by different number of repetitions or the relationship between MOE variations and different 
levels of congestion were limited. Hence, this study investigated the variations in MOEs due to small and large 
number of repetitions, and assessed the relationship between MOE variability and different levels of congestion.  
 
3. Objectives 
 
 There were three objectives to this study, each designed to ensure the accuracy of simulation models used for the 
study of traffic characteristics during under-saturated and saturated flow at traffic signals. The objectives are: 
x To investigate the sensitivity of MOEs to simulation initialization time. 
x To study the possible relationship between levels of congestion and the number of simulation runs needed to 
produce stable MOEs. 
x To identify the source of variation in MOEs between simulation runs with different random seeds and the 
relationship between variation in MOEs and different levels of congestion. 
 
4. Simulation model  
 
 Synchro/SimTraffic 6.0 was used for this study. Synchro is a software package for modeling and optimizing 
traffic signal timings and SimTraffic is a traffic simulation software. The Synchro network file of the study corridor 
which was developed for a signal timing study done by a local consulting firm in 2006 was used for this study. 
 
5. Data  
 The data used in this study included the PM peak hour volume data (turning movements), signal timing, phasing 
data, and road geometrics of McFarland Boulevard (US-82) in Tuscaloosa, Alabama. The study stretch was a 6-lane, 
two way arterial, extending from Skyland Boulevard to 13th Street. There were nine intersections, including three 
major and six minor, all of which were controlled by actuated and coordinated signals.  
       
6. Simulation runs 
 Since the results of the simulation (i.e., MOEs) are valid only if there is sufficient initialization time for the 
network to load completely and reach equilibrium (Traffic Analysis Toolbox Volume III, 2004), various 
initialization times were tested starting with a default value of 3 minutes as suggested in the SimTraffic manual, 
with increments of one minute for each subsequent attempt. It was found that the study road network started 
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attaining equilibrium for an initialization time of 7 minutes. Once this was established, two longer initialization 
times (10 and 13 minutes) were selected to investigate the effects of these initialization times. The simulation runs 
used the same default values for all parameters with the exception of different initialization times, namely, 7, 10, and 
13 minutes. For each initialization time, 50 simulation runs were performed with each run having a different random 
seed number. Hence, a total of 150 simulation runs were performed for the study road network. For each simulation 
run, the MOEs were obtained as a text file and exported to MS Excel for analysis.  
 
7. Investigation steps 
 
 The entire research consisted of five steps as discussed below: 
 
7.1Step I 
 In this attempt, a Mann-Whitney U Test was performed to compare the MOEs (i.e., average speed, travel time, 
and total delay) obtained for different initialization times. Since all the generated MOEs did not follow a normal 
distribution, this specific statistical test, which is a distribution-free test, was performed.  Also, the assumptions 
required for a Mann-Whitney U Test (populations must be continuous and their probability density functions must 
have the same shape and spread) are somewhat less restrictive than the assumptions needed for the Z-Test or the 
Student’s t-Test in which the populations to be tested need to be normally distributed (Navidi, 2007). The null and 
alternate hypothesis for conducting the Mann-Whitney U Test was defined as follows: 
H0: There is no difference between MOE obtained for different initialization times. 
HA: There is difference between MOE obtained for different initialization times. 
 An example of a hypothesis test conducted by the authors was comparing the total delay obtained for a 7 minute 
initialization time for 50 different random seed runs for a particular  intersection on the study road against the delay 
obtained with a 10-minute initialization time for the same number of runs. Likewise, the same comparison was 
carried out for 7 and 13 minutes, and 10 and 13 minutes. The total delay/vehicle obtained from simulation runs was 
used to calculate the LOS individually for each intersection considered in the study. The mean total delay/vehicle for 
50 runs was obtained for all the intersections in the study road, and then, the corresponding LOS values were 
obtained as per the criteria given in Highway Capacity Manual. The obtained LOSs were used for relating the 
hypothesis testing results. Table 2 lists the LOS of all intersections considered and Table 3 shows the hypothesis 
testing results of the studied intersections along with their LOSs. A P-value of 0.05 or less indicates rejection of the 
corresponding null hypothesis. 
 
Table 2 Intersection LOS on Study Road 
 
Intersection 
Segment Length Between 
Upstream and Current Intersection 
- Direction: South Bound (meters)  
SimTraffic 
Total 
Delay/Veh 
LOS 
WB Ramp and US-82 300 11.4 B 
University Mall and US-82 500 20.7 C 
Skyland Blvd and US-82 150 42.4 D 
McFarland Mall and US-82 170 14.9 B 
Hargrove RD and US-82 600 69.2 E 
EB Ramp and US-82 150 16.3 B 
31st ST and US-82 700 10.1 B 
15th ST and US-82 400  52.1 D 
37th ST and US-82 600  25.1 C 
 
 From Table 3, the number of null hypothesis rejections (P-values in bold) between 7 and 10 mins, 7 and 13 mins, 
and 10 and 13 mins were found to be 6, 7, and 7 respectively. It can also be observed that the hypothesis testing 
results are different for different MOEs (i.e., speed, travel time, and delay). Though the numbers of null hypothesis 
rejections are few, the rejections could be observed among intersections with operations ranging from LOS B to E. 
Hence, irrespective of the LOS of the intersection, the MOEs are sensitive to initialization times of simulation.  
Though this step yielded useful results, the authors thought that it would be more appropriate to analyze each 
approach separately rather than the intersection as a whole, because, there are myriad variations in any MOE 
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between approaches within the same intersection.  Hence, to further this work, the intersections in the study road 
were analyzed by each approach. 
 
Table 3 Hypothesis Testing Results for Speed, Travel Time, and Total Delay 
 
Intersections P-value for Average Speed (Į=0.05) LOS 7 vs 10 mins 7 vs 13 mins 10 vs 13 mins 
15th ST & US-82 0.748 0.084 0.164 D 
University Mall & US-82 0.576 0.191 0.054 C 
Hargrove RD & US-82 <0.001 <0.001 0.494 E 
31st ST & US-82 0.370 0.876 0.306 B 
37th ST & US-82 0.277 0.177 0.016 C 
WB Ramp & US-82 0.127 0.521 0.037 B 
EB Ramp & US-82 0.790 0.036 0.037 B 
McFarland Mall & US-82 0.425 0.336 0.844 B 
Skyland Blvd & US-82 0.629 0.761 0.475 D 
P-value for Travel Time (Į=0.05) 
15th ST & US-82 0.404 0.144 0.261 D 
University Mall & US-82 0.610 0.686 0.402 C 
Hargrove RD & US-82 <0.001 <0.001 0.209 E 
31st ST & US-82 0.038 0.174 0.396 B 
37th ST & US-82 0.003 0.002 0.865 C 
WB Ramp & US-82 0.075 0.133 0.895 B 
EB Ramp & US-82 0.681 0.003 0.007 B 
McFarland Mall & US-82 0.028 0.109 0.484 B 
Skyland Blvd & US-82 0.055 0.557 0.239 D 
P-value for  Total Delay(Į=0.05) 
15th ST & US-82 0.379 <0.001 0.001 D 
University Mall & US-82 0.868 0.174 0.122 C 
Hargrove RD & US-82 <0.001 <0.001 0.595 E 
31st ST & US-82 0.386 0.364 0.967 B 
37th ST & US-82 0.077 0.627 0.139 C 
WB Ramp & US-82 0.252 0.184 0.012 B 
EB Ramp & US-82 0.904 0.146 0.039 B 
McFarland Mall & US-82 0.155 0.271 0.735 B 
Skyland Blvd & US-82 0.235 0.874 0.414 D 
  
7.2 Step II
 This step determined the MOE (delay/vehicle) by intersection approach, and related it to the LOS. In this 
attempt, the MOE total delay/vehicle was obtained for all the approaches of five intersections in the study road; 
namely, Hargrove Road and US-82, 15th Street and US-82, Skyland Boulevard and US-82, 13th Street and US-82 
and 37th Street and US-82.  Since delay is a more representative MOE for an intersection than speed or travel time, 
it was chosen for this attempt. The Mann-Whitney U Test was performed to compare the MOE (total delay/vehicle) 
obtained for all the approaches for five intersections for different initialization times. The null hypothesis being no 
difference between MOE obtained for different initialization times for the approach under consideration. The 
hypothesis testing results are shown in Table 4. 
 The observations were similar to those obtained in Step I, that is, the MOE total delay/vehicle is sensitive to the 
initialization times of simulation. From Table 4, the number of null hypothesis rejections (P-values in bold) between 
7 and 10 mins, 7 and 13 mins, and 10 and 13 mins were found to be 3, 11, and 6 respectively.  The hypothesis 
testing of total delay/vehicle for approaches between 7 and 13 minutes of initialization had the most null hypothesis 
rejections. In other words, the larger the difference in initialization times the larger the number of rejections of null 
hypotheses. It was also observed that there was no clear relationship between rejection of the null hypothesis and the 
level of congestion of the approaches. Approaches with various levels of service (B, C, D, E, and F) had null 
hypothesis rejections. Hence, irrespective of the LOSs of approaches, the MOEs are sensitive to simulation 
initialization times. This is in agreement with similar findings from Step I. 
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Table 4 Hypothesis Testing Results for Total Delay/Vehicle (Approach-wise) 
 
Intersection Approach 
P-value (Į=0.05) 
LOS 7 vs. 10 mins 7 vs. 13 mins 10 vs. 13 mins 
13th Street 
EB 0.801 0.119 0.052 E 
WB 0.983 0.669 0.539 D 
NB 0.438 0.852 0.372 B 
SB 0.893 0.307 0.352 C 
 
15th Street 
Intersection 
EB 0.569 0.047 <0.001 E 
WB 0.29 0.817 0.288 D 
NB 0.111 <0.001 0.003 D 
SB 0.257 0.018 0.246 D 
Hargrove Road 
Intersection 
EB <0.001 0.005 0.148 F 
WB 0.252 0.011 0.172 F 
NB 0.127 <0.001 0.031 D 
SB 0.009 <0.001 0.024 D 
37th Street 
EB 0.365 0.001 0.031 D 
WB 0.775 0.077 0.144 D 
NB 0.340 <0.001 0.004 B 
SB 0.011 0.125 0.142 C 
Skyland 
Boulevard 
Intersection 
EB 0.997 0.825 0.748 D 
WB 0.438 0.386 0.130 D 
NB 0.240 0.043 0.546 D 
SB 0.847 0.047 0.109 D 
 
7.3 Step III 
 This step involved observing the trend in variation coefficient of the MOEs with an increase in the number of 
simulation runs, and relating the findings to the LOSs. 
 In some disciplines like hydrology and water resources, an extreme number of simulation repetitions (500 to 
1,000) are used to stabilize variability.  Although that is not a common practice in transportation modeling, such a 
step was attempted in this study.  The purpose was to observe the trend in the variation coefficient of the MOEs with 
a very large increase in the number of simulation runs.   
 In this attempt, 400 simulation runs were made.  This was the maximum that the software used (SimTraffic) 
supported.  Data were recorded for the 8th, 25th, 50th, 100th, 200th and 400th repetitions.  The variation coefficients 
of the MOEs were compared for all approaches considered in the study. It was expected that an increase in the 
number of simulation runs would result in variations in MOEs reaching a stable state.  Table 5 gives the variation 
coefficient obtained for the delay/vehicle of all approaches, sorted by approach LOS. 
 Using the data in Table 5, trend charts were prepared for MOE groups to further examine the trend of 
coefficients of variation of the MOE (i.e., delay/vehicle) with increased simulation runs. Figure 1 shows the trends 
for approaches with LOSs B and C. From this figure, it can be observed that the variation coefficient of 
delay/vehicle becomes somewhat stable after 25 simulation runs. In other words, using more than 25 simulation runs 
did not appreciably change the variation coefficient for these approaches.  Because of the limited number of 
approaches with an LOS of C or higher, the best that can be said is that the figure suggests that more than 25 
repetitions might not be necessary. 
 The trends of variation coefficient of delay/vehicle for approaches with LOS D are plotted in Figure 2. In the 
figure, there are two overall patterns for the 400 runs.  While the variation coefficients for eight approaches reached 
stability on or before 100 runs, the other four approaches did not show any clear pattern of reaching stability. 
 Figure 3 shows the trend of coefficient of variation of delay/vehicle for four approaches with LOSs E and F. 
From the figure, it appeared that coefficient of variation for two of the four remained steady after 50 runs, and the 
other two approaches stabilized after 100 runs. 
 By combining observations from figures 1, 2, and 3, it appears that, for this study site and the stated simulation 
period and traffic volumes, the level of congestion certainly has an impact on the number of simulation runs needed 
to obtain a stable coefficient of variation for a particular MOE.   For approaches with LOS B and C, the variation 
coefficient apparently reached a stable state after 25 runs, but for most of the approaches with LOS D, E, and F the 
MOE variation stabilized at a much higher number of repetitions. 
476  Saravanan Gurupackiam et al. / Procedia Social and Behavioral Sciences 16 (2011) 470–480
Table 5 Variation Coefficients of Total Delay/Vehicle for Different Simulation Runs 
 
 
Intersection and Approach 
Variation Coefficient of Delay/Vehicle (simulation time - 10 minutes) 
8 Runs 25 Runs 50 Runs 100 Runs 200 Runs 400 Runs LOS 
13th & US-82, NB 0.22 0.19 0.19 0.19 0.19 0.18 B 
37th & US-82, NB 0.07 0.12 0.13 0.13 0.15 0.14 B 
13th & US-82, SB 0.19 0.18 0.17 0.17 0.16 0.17 C 
37th & US-82, SB 0.15 0.12 0.12 0.12 0.14 0.14 C 
13th & US-82, WB 0.14 0.17 0.18 0.17 0.22 0.24 D 
15th & US-82, WB 0.10 0.11 0.10 0.13 0.12 0.11 D 
15th & US-82, NB 0.15 0.15 0.16 0.12 0.13 0.12 D 
15th & US-82, SB 0.10 0.11 0.11 0.14 0.14 0.14 D 
37th & US-82, EB 0.12 0.13 0.15 0.17 0.17 0.18 D 
37th & US-82, WB 0.14 0.15 0.15 0.20 0.24 0.23 D 
Hargrove & US-82, NB 0.08 0.10 0.10 0.08 0.09 0.10 D 
Hargrove & US-82, SB 0.09 0.14 0.13 0.16 0.18 0.19 D 
Skyland & US-82, EB 0.11 0.09 0.10 0.11 0.10 0.11 D 
Skyland & US-82, WB 0.09 0.06 0.07 0.06 0.07 0.08 D 
Skyland & US-82, NB 0.15 0.17 0.20 0.24 0.21 0.20 D 
Skyland & US-82, SB 0.09 0.10 0.09 0.08 0.08 0.08 D 
13th & US-82, EB 0.28 0.21 0.21 0.21 0.22 0.22 E 
15th & US-82, EB 0.12 0.15 0.12 0.15 0.16 0.16 E 
Hargrove & US-82, EB 0.30 0.36 0.37 0.37 0.37 0.36 F 
Hargrove & US-82, WB 0.27 0.43 0.43 0.39 0.39 0.38 F 
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Figure 1. Trend of Variation Coefficient of Delay/Vehicle for Increased Simulation Runs (Approaches: LOS B & C) 
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Figure 2. Trend of Variation Coefficient of Delay/Vehicle for Increased Simulation Runs (Approaches with LOS D) 
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Figure 3. Trend of Variation Coefficient of Delay/Vehicle for Increased Simulation Runs (Approaches: LOS E & F) 
 
 Though this investigation step helped in understanding the trend of variation coefficient of MOE with respect to 
different levels of congestion, the value of variation coefficient itself was considered high for most of the studied 
approaches. Furthermore, the variation coefficient rarely decreased with an increase in the number of simulation 
runs, which was contrary to what was expected. Only 6 of 20 approaches showed improvement in the variation 
coefficient with an increase in runs. The authors believe that the reason behind this finding could be the simulation 
time, which was set at 10 minutes. From the available literature (Rathi and Venigalla, 1992), it was found that a 
higher simulation time (60 mins) is expected to reduce the variations in the MOEs between each simulation runs. 
 
7.4 Step IV 
 As mentioned earlier, it was reported that a higher simulation time (say 60 minutes) would yield MOEs with 
lesser variation than that with a 10-minute simulation time. Hence, in this step, fifty simulation runs were performed 
for each selected approach with a 60 minute simulation time. The variation coefficients of MOEs thus obtained were 
compared with those obtained for 10 minutes of simulation time.  
 
Table 6 Variation coefficients of MOEs for 10 minute and 60 minute Simulation Runs 
 
Intersection and Approach LOS Variation Coefficient 
(Simulation: 10 mins)  
Total 
1 
Variation Coefficient 
(Simulation: 60 mins) 
Total 
2 
%Change 
Total 1vs2 
8 Runs 25 Runs 50 Runs 8 Runs 25 Runs 50 Runs 
13th & US-82, NB B 0.22 0.19 0.19 0.60 0.09 0.09 0.09 0.28 -53% 
37th & US-82, NB B 0.07 0.12 0.13 0.32 0.03 0.04 0.05 0.12 -64% 
13th & US-82, SB C 0.19 0.18 0.17 0.53 0.10 0.10 0.11 0.30 -44% 
37th & US-82, SB C 0.15 0.12 0.12 0.39 0.06 0.05 0.05 0.15 -61% 
13th & US-82, WB D 0.14 0.17 0.18 0.49 0.07 0.08 0.08 0.23 -52% 
15th & US-82, WB D 0.10 0.11 0.10 0.31 0.06 0.05 0.05 0.16 -49% 
15th & US-82, NB D 0.15 0.15 0.16 0.45 0.05 0.06 0.06 0.17 -63% 
15th & US-82, SB D 0.10 0.11 0.11 0.33 0.10 0.09 0.09 0.28 -14% 
37th & US-82, EB D 0.12 0.13 0.15 0.41 0.08 0.06 0.07 0.21 -47% 
37th & US-82, WB D 0.14 0.15 0.15 0.44 0.10 0.18 0.16 0.43 -2% 
Hargrove & US-82, NB D 0.08 0.10 0.10 0.28 0.04 0.03 0.03 0.10 -63% 
Skyland & US-82, EB D 0.11 0.09 0.10 0.29 0.04 0.03 0.05 0.12 -60% 
Skyland & US-82, WB D 0.09 0.06 0.07 0.21 0.03 0.04 0.03 0.09 -56% 
Skyland & US-82, NB D 0.15 0.17 0.20 0.52 0.08 0.10 0.13 0.32 -39% 
Skyland & US-82, SB D 0.09 0.10 0.09 0.27 0.02 0.02 0.02 0.06 -77% 
13th & US-82, EB E 0.28 0.21 0.21 0.70 0.09 0.11 0.10 0.30 -58% 
15th & US-82, EB E 0.12 0.15 0.12 0.39 0.04 0.07 0.07 0.18 -55% 
Hargrove & US-82, SB * E 0.09 0.14 0.13 0.36 0.16 0.10 0.14 0.40 8% 
Hargrove & US-82, EB * F 0.30 0.36 0.37 1.02 0.38 0.38 0.32 1.08 6% 
Hargrove & US-82,WB * F 0.27 0.43 0.43 1.12 0.38 0.45 0.49 1.32 18% 
Note: Approaches marked with * had positive changes with respect to their Variation coefficients of Delay 
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Table 6 gives the variation coefficient values of MOEs for 10 minute and 60 minute simulation runs. To compare 
the generated values, Table 7 was prepared showing the average change in variation coefficients of MOEs for 
approaches grouped with respect to their corresponding LOS. 
 
Table 7 Change in Variation coefficient between 10 minute and 60 minute Simulation Time (based on Table 6) 
 
Approaches Grouped 
by LOS 
No of Observations Average Change in 
Variation Coefficient 
Direction of 
Change 
B 2 -59% all negative 
C 2 -53% all negative 
D 11 -47% all negative 
E 3 -35% mixed 
F 2 12% Positive 
 
 From tables 6 and 7, it can be observed that an increased simulation time resulted in decreased variation 
coefficients of MOE. However, this trend was mixed for approaches with LOS E and opposite for those with LOS F. 
Thus, under severely congested conditions, the variation coefficient of MOE did not decrease with an increase in the 
simulation time. To help understand this trend, the next step investigated the source of variation in MOEs. 
7.5 Step V 
 One of the observations of Step IV was that a higher simulation time resulted in the variations in the MOEs 
reaching a stable state. However, an increase in the number of simulation runs did not necessarily decrease 
variations within the MOEs. Hence, it was desired to explore the sources causing such variations within the MOEs.  
 Earlier research noted that vehicle and driver types that populate the network and the rate and proportions at 
which they do so are the main contributors to variations in MOEs (Traffic Analysis Toolbox Volume IV, 2007).  In 
this study, these parameters are addressed by performing 50 runs that will change the rates and proportions of the 
parameters via random seeds.  From these changes, variance is introduced by the specification of car-following, gap 
acceptance, and lane changing parameters (all related to driver and vehicle type but handled in separate algorithms).  
 In this research step, one of these three parameters was held constant while the other two were allowed to vary. 
This was repeated for the other two parameters. In other words, when the specifications for lane changing were held 
constant, car following and gap acceptance were allowed to vary. A total of 150 simulation runs were performed (50 
runs while holding one of the three parameters constant). It was expected that this procedure would help to isolate 
the source of variability and the effects of congestion. Table 8 gives the embedded specifications for the car 
following, gap acceptance, and lane changing parameters in SimTraffic. 
 
Table 8 Embedded Specifications of Lane Changing, Gap Acceptance and Car Following Parameters in SimTraffic 
Item Parameter Value 
Lane Changing Parameters 
Positioning Advantage (veh) 15 
Optional Advantage (veh) 2.3 
Mandatory Dist Adj (%) 200 
Positioning Dist Adj (%) 150 
Gap Acceptance Parameter Gap Acceptance Factor 1.15 
Car Following Parameters 
Yellow Decel (ft/sec2) 10 
Courtesy Decel (ft/sec2) 5 
Yellow React (sec) 1 
Green React (sec) 1 
Max Accel Rate (ft/sec2) 10 
Headway at 0 mph (sec) 0.5 
Headway at 20 mph (sec) 1.5 
Headway at 50 mph (sec) 1.75 
Speed Factor (%) 1 
Maximum Speed (mph) 60 
 
Saravanan Gurupackiam et al. / Procedia Social and Behavioral Sciences 16 (2011) 470–480 479
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
Co
ef
fic
en
to
fV
ar
ia
tio
n
A h
LC
GA
CF
 The results of the simulation runs performed with fixed specifications for the lane changing, gap acceptance, and 
car following parameters were obtained and the variation coefficients of delay/vehicle of all the approaches along 
with their LOS were plotted as a bar chart (Figure 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Comparison of Variations in MOE when One of the Three Parameters - Lane Changing, Gap Acceptance, 
and Car Following was Held Constant 
 
 From Figure 4, it can be observed that the variability of MOEs was the least when the specifications relating to 
the gap acceptance parameter were held constant. Among the 20 approaches, the MOE variability of 15 approaches 
was the least when gap acceptance parameter was held constant. Similarly, when the lane change parameter was 
held constant, 12 of the 20 approaches had the least variability in their MOEs. However, when the car following 
parameter was held constant, only 4 of the 20 approaches had the least variability in their MOEs. These results 
indicate that gap acceptance and lane change parameters play a major role in contributing variation to the MOE 
(delay/vehicle). It should also be noted that the car following algorithm is very complex, and by merely holding the 
specifications of the parameter constant, the variation caused by the parameter cannot be completely controlled. 
Another observation is the general trend of the MOE variability as the LOS decreases. The MOE variability 
increased as the LOS decreased, thus, confirming what was thought intuitively by the authors. 
8. Conclusions 
 The study found that the MOEs of an intersection are indeed sensitive to initialization times. The larger the 
difference in initialization times, the larger the difference between their mean MOEs. Hence, while choosing the 
initialization time, practitioners should check with the guidelines given in the Toolbox and the specifications given 
in the software manual.  
 The variation within MOEs for different numbers of runs definitely increases with increase in congestion. In 
other words, the variability of MOEs for a saturated traffic condition is much larger than that obtained for a free 
flow traffic condition. An increased number of simulation runs certainly helps in stabilizing the variability of the 
MOE. In addition to that, it appears that the level of congestion also has an impact on the number of simulation runs 
needed to obtain a stable variation coefficient for simulation results. For approaches with better LOSs such as B and 
C, the variation coefficient reached a stable state after 25 runs. Most of the approaches with LOSs of E and F 
stabilized at a much higher number of repetitions. The length of simulation time also makes a considerable 
difference in the simulation results. A larger simulation time decreases the variance in MOEs for undersaturated 
conditions. For near-saturation and saturated conditions (LOS E and F), an increase in simulation time does not 
necessarily decrease the variance in MOEs.  
 Gap acceptance and lane change parameters play a major role as a source of variation of MOEs (Delay/Vehicle). 
The extent of variation on MOEs caused by car following and gap acceptance parameters could not be identified.  It 
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was understood that the car following algorithm is actually very complex. By merely holding the specifications of 
the parameter constant, the variation caused by the parameters cannot be completely controlled.  
 All the results of this study are based on data obtained from the arterial segment mentioned earlier in this article, 
and hence they cannot be generalized. 
 
9. Ideas for Future Research 
 Future research should experiment with different embedded specifications of the gap acceptance, lane changing, 
and car following parameters. A movement-wise (through, left, right) analysis of the approaches of an intersection is 
also recommended. Since it was difficult to understand the behavior of MOEs under near-saturated and saturated 
conditions, future research should particularly focus along these lines. An even larger number of simulation runs 
(e.g., 1,000 runs) could be performed to study the MOEs, specifically for those approaches and intersections having 
poor LOS. Accordingly, the simulation models should be modified to enable running larger numbers of repetitions. 
Finally, the findings of this research should be compared with one other stochastic simulation tool. 
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